Introduction
Road traffic crash (RTC) injuries are a significant contributor to the disease burden among children. The World Health Organisation (WHO) Global Burden of Disease project estimates that there were 1.3 million deaths worldwide due to RTCs in 2010 (Lozano et al., 2013; WHO, 2013) . This represented a 46% rise in deaths due to RTCs compared with two decades ago (Lozano et al., 2013) . A further 50 million were injured or disabled. Whereas a downward trend in the number of road traffic fatalities and injuries over the last couple of decades has been observed in several high income countries, the rest of the globe has seen worsening trends (WHO, 2008a) . Road traffic injuries are predicted to be the fifth leading cause of death worldwide by the year 2030 (Hyder, Labinjo, & Muzafar, 2006; Peden et al., 2008) with Africa amongst several regions expected to see a significant increase in injuries.
Globally, 21% of road traffic deaths occur among children (Hyder et al., 2006; Peden et al., 2008) . Road traffic injuries are the second leading cause of death amongst children aged 5À14 years (Peden et al., 2008) . The road traffic mortality rate amongst children globally is estimated at 10.7 per 100,000 population (Lozano et al., 2013; WHO, 2008b) . Ninety three per cent of these fatalities occur in low-income and middle-income countries (LMICs) with the highest rates among children in the African, Eastern and Mediterranean regions (WHO, 2008a; WHO, 2006) . The road traffic mortality rate amongst children in the African region is estimated at 19.9 per 100,000 population (Peden et al., 2008) . In South Africa the road traffic mortality rate overall in 2011 was 33.2 per 100,000 population (Road Traffic Report, 2011) . RTCs are one of the leading causes of child injury deaths in South Africa (Burrows, Van Niekerk, & Laflamme, 2010) . In Cape Town, South Africa, road traffic injuries are the leading cause of death in children aged 5À14 years, significantly above HIV/AIDS mortality rates (Groenewald et al., 2008) .
LMICs exhibit a disproportionately higher burden of RTC injuries and deaths, but have a relative lack of analytical research on their determinants, in comparison with high-income countries (Hofman, Primack, Keusch, & Hrynkow, 2005) . Consequently, efforts on injury control and prevention are well below the levels directed at other health problems in many of these LMICs (Chan, Kazatchkine, & Lob-Levyt, 2010) , with very few road safety interventions implemented and evaluated for child safety specifically (Arendse, Swart, Van Niekerk, & Van As, 2012) . Understanding the distribution of the risks of road traffic mortalities and injuries is fundamental to improving road safety, especially in these LMICs.
Despite national recognition of the child road traffic injury burden in South Africa, a middle income level country, there appears to have been an inadequate preventative response by existing networks, programmes and projects (Arendse et al., 2012) . This is evidenced by the road traffic mortality rate trends in the country which remain significantly high (Norman, Matzopoulos, Groenewald, & Bradshaw, 2007; Statistics South Africa, 2009 ). To appropriately inform targeted prevention strategies for improving child road safety, studies are needed that describe changing patterns in the epidemiology of child road traffic injuries over time. Such studies are required to strengthen the evidence needed to persuade policy makers to adequately provide road traffic injury prevention measures particularly as they affect children. This study aims to describe and analyse the trends in paediatric RTC injuries in Cape Town, South Africa in 1992, 2002 and 2012 using hospital-based trauma surveillance records, and the child and RTC characteristics that are related to trauma unit presentation and further inpatient treatment.
Methods
The study was approved by the Human Research Ethics Committee of the University of Cape Town's Faculty of Health Sciences (Reference: 401/2011). The study analysed retrospective data captured in Childsafe South Africa's trauma surveillance system based on data captured at the Red Cross War Memorial Children's Hospital (RCCH). The RCCH is a referral paediatric hospital for children younger than 13 years of age in Cape Town, South Africa. The RCCH is a public institution that serves its immediate environs, and with other public and private institutions, the greater Cape Town. The RCCH is however the only specialised tertiary paediatric hospital in Cape Town, and provides 24-hour casualty, surgical and subspeciality services. Childsafe South Africa is a nongovernmental organisation that maintains a surveillance system for all injured children admitted to RCCH's trauma unit. The surveillance system is one of the few systematic sources of childhood injury data in South Africa. This study included all children with RTC related injury captured in the trauma surveillance system in the years 1992, 2002 and 2012. The data analysed included the patient's age, gender, cause of injury, place of occurrence, severity of injury and disposition from the trauma unit. Data on the causes of RTC injury included the following mechanisms: "passenger", "MVA pick-up (also known as a 'bakkie' or minibus in South Africa) passenger", "cycle", "motorcycle" and "other causes". The severity of injury was established using RCCH's four-point Abbreviated Injury Score (AIS) of 'mild', 'moderate', 'severe' and 'mortal'. 'Mild' injuries refer to those that require only minor treatment and usually result in a discharge on the same day of presentation. 'Moderate' injuries are those that require admission, where wounds require suturing or other procedure, all types of fractures, or where the injuries include minor or intermediate head injuries. 'Severe' injuries are those where the patient requires resuscitation or intensive care unit (ICU) care, all poly-traumatised patients, all shocked patients, and those with severe head injuries. 'Mortal' denotes all fatal injuries. The AIS was assigned to each patient by the attending clinician in the trauma unit after they had assessed the child, with all AIS and diagnostic decisions reviewed and finalised by a senior clinician. For disposition, patients were either admitted to RCCH or discharged from the trauma unit.
The data captured was first entered onto data sheets using Microsoft Excel spreadsheet 2007 (Microsoft Corporation, USA). Data was checked and managed from here both before and after analysis. Data analysis was conducted using STATA 11.0 (StataCorp, 2009). Descriptive analysis was performed for demographic characteristics, mechanisms of injury, place of occurrence, severity of injury and disposition of injured patients. Age was treated as both a continuous and categorical variable. Age groups for children commonly used in literature including under 1 year of age, 1À4 years of age, 5À9 years of age and 10À13 years of age were analysed (Lozano et al., 2013; WHO, 2008b; WHO, 2013) . A total of 187 patients (4%) were excluded from the analysis for age as they either had missing age data (n ¼ 146, 3%) or were older than 13 years of age (n ¼ 41; 1%). The data was analysed in one-year time bins for the years 1992, 2002 and 2012 to evaluate trends in paediatric road traffic injuries over two decades. The Pearson's chi square test was used for dichotomous variables and the t-test for continuous variables to assess differences.
The primary outcome was measured in terms of hospital admission. The use of admission rates as a health outcome indicator has been used to gauge the effectiveness of primary and community care, health promotion either in the general population or specific high risk groups, and surgical practice across a multi-levelled health service network. The use of hospital admission as an outcome measure may be affected by a range of factors, including the severity of the condition, patient characteristics such as socio-economic grouping, access to effective referral routes to care, the availability of resources, and the quality of antecedent care delivered (see e.g. Daly, Mason, & Goldacre, September 2000) . In this study we describe paediatric traffic injury admission patterns, and associated factors such as age, gender, mechanism of injury and
severity of injury which were considered by calculating their risk ratios (RR) in relation to admission. Logistic regression and generalised linear models were used to describe factors associated with admission. A p-value of less than 0.05 was considered statistically significant for all statistical analyses.
Results
In the years 1992, 2002 and 2012, a total of 4690 patients with RTC injuries were presented to RCCH's trauma unit. Of these 2169 (46%) were presented in 1992, 1224 (26%) in 2002 and 1297 (28%) in 2012. The mean age of the injured children was 6.3 AE 3.1 years. Nearly 50% (n ¼ 2201) of the injured children were between five to nine years of age. About 2% (n ¼ 80) were less than one year of age. There was no noteworthy change in the age group proportions observed over the years 1992, 2002 and 2012 (Table 1) . The proportion of male children was 1.7 times higher than that of the females (p < 0.05) with this proportion relatively constant over the two decades. The higher proportion of boys was observed in all the age groups apart from the group of children less than one year of age where the ratio of girls was significantly higher (1.2; p < 0.05). The leading cause of road traffic injury amongst children at RCCH over the two decades was MVA pedestrian crashes. Nearly three-quarters of all the children injured were pedestrians (n ¼ 3306, 71%). Those children travelling as unrestrained motor vehicle passengers were the second most commonly injured in RTCs (n ¼ 498, 11%) (see Figure 1) .
The proportion of pedestrian and unrestrained MVA passenger related injuries over the years 1992À2012 was relatively constant. However, there was a decreasing trend in the proportion of cycle related injuries observed over the years 1992À2012. When explored further with respect to age groups, pedestrian crashes remained the most commonly observed mechanism of injury in all the age groups ( Figure 2 ). Unrestrained passenger crash injuries were however more common in those children below one year of age (n ¼ 28, 35%). In those aged between 10 and International Journal of Injury Control and Safety Promotion 3 13 years, cycle related crashes were the second most common cause of RTC injury (n ¼ 102, 15%). A substantial proportion of children with RTC injuries at RCCH were injured immediately outside their own homes (n ¼ 549, 12%), most of them as pedestrians (n ¼ 425, 77%) and cyclists (n ¼ 100, 18%). However, the majority of the rest of the children were injured elsewhere on the roads or pavements (n ¼ 3576, 77%). Most of the latter children were injured as pedestrians (n ¼ 2497, 70%), unrestrained vehicle passengers (n ¼ 444, 12%) and cyclists (n ¼ 302, 8%).
According to the AIS index majority of the children with RTC injuries attended to at RCCH had minor injuries (n ¼ 2729, 58%), while 37% of the children had (n ¼ 1718) moderate injuries and 4% (n ¼ 212) of them suffered from severe injuries. There was a considerably higher proportion of these children with moderate to severe injuries in the years 2002 (n ¼ 708, 58%) and 2012 (n ¼ 622, 48%) compared with 1992 (n ¼ 600, 28%). Nearly 80% (n ¼ 168) of those with severe injuries were pedestrians with 10% (n ¼ 21) being unrestrained vehicle passengers. There were 30 deaths reported at the RCCH trauma unit with most of these deaths occurring to pedestrians (60%, n ¼ 18) and unrestrained vehicle passengers (20%, n ¼ 6). There was no significant difference observed in the proportion of mortal injuries seen over the years 1992À2012.
Up to 40% (n ¼ 1859) of children who were presented to RCCH with RTC related injuries were admitted to the hospital. Most of the children admitted had moderate injuries (55%, n ¼ 1022) with 10% (n= 180) having severe injuries and 34% (n ¼ 635) minor injuries according to the AIS index. The proportion of hospital admissions was highest in 2002 (50%, n ¼ 606) and lowest in 2012 (30%, n ¼ 391).
To describe factors that may influence admission related to RTCs in children at RCCH we calculated the RR for age, gender, mechanism of injury and severity of injury ( Table 2 ). The relative risk of admission did not appear to differ significantly with respect to the various age groups and gender (RR 1.04; p = 0.298). Children with pedestrian related injuries had a 2.9 times significantly increased risk of admission when compared with children injured as cyclists (reference group; p < 0.05). The RRs were also significantly increased for children injured as unrestrained and restrained vehicle passengers as well as pick-up or 'bakkie' passengers when compared with cyclists. The risk of admission was 2.56 times for children who sustained moderately severe injuries and 3.65 times for those with severe injuries when compared with those with minor injuries (reference group; p < 0.05). 
Discussion
Many countries in Sub-Saharan Africa do not have injury surveillance systems that provide reliable data on RTCs and injuries. Indicators, particularly on non-fatal outcomes, are scarce and more so as regards children. Such data provides evidence on the specific etiologies as well as high-risk populations and conditions for RTC injuries. This data contributes to the basis for decision-making and improving treatment and prevention systems currently in use, or establishing simple, cost-effective systems for improving road safety for children. This study sought to provide such data by describing the trends on child road traffic injuries over two decades spanning 1992À2012, from surveillance data in a tertiary referral paediatric hospital for children younger than 13 years of age in Cape Town, South Africa. This study showed that the mean age for children injured in a RTC and presented to RCCH in the years 1992, 2002 and 2012 was 6.3 years. The majority of the children were between five to nine years of age with no significant change observed in that age group predominance over the two decades. Other studies have shown that amongst children younger than 15 years, those between five to nine years are at greatest risk of RTC injury and mortality (WHO, 2008a; Road Traffic Report, 2011) . In LMICs, the fatal road traffic injury rates are approximately 12.5 per 100,000 children with this rate being much higher than that in high-income countries (WHO, 2008a) . Most of these children at that age may be exposed as 'commuters' when they have to get to and from school, particularly if they walk to school, but also as they walk to and from the buses and cars that take them to school (Mabunda, Swart, & Seedat, 2008) . The cognitive processes involved in judgement, decision-making, reasoning and impulse control at that age are rudimentary increasing the vulnerability of children in that age group in the road environment (Giedd, 2004; Zeedyk, Wallace, & Spry, 2002) . The provision of appropriate environmental as well as behavioural interventions may increase road safety for these and other age groups of vulnerable children.
This study also showed the predominance of road traffic injuries amongst males with no significant change in this trend observed over the last two decades. This is similar to trends seen globally where the difference in incidence rates between boys and girls increases with age. Overall, the death rate from road traffic injuries for boys is 13.8 per 100,000 population, compared to a rate for girls of 7.5 per 100,000 population globally (Lozano et al., 2013; WHO, 2008a) . This may be explained by risk-seeking behaviour, a significant predictor of involvement in road traffic injury among children and adolescents. Boys have a greater affinity for risk-taking and competitive behaviour, all of which place them at an increased risk of road traffic injury (Waylen & McKenna, 2002) .
Pedestrian RTCs were overwhelmingly the leading mechanism of injury amongst children at RCCH over the last two decades in this study. Most of these children sustained injuries as pedestrians on the roads or pavements and a significant number, just outside their own homes. Globally, pedestrians form the single largest category of children involved in RTCs. In LMICs, 30%À40% of children who suffer road traffic injuries are pedestrians (Toroyan & Peden, 2007) . Child pedestrian injury is highest in Africa and Asia where it is usual for people to walk along roads (Hyder et al., 2006) . In South Africa, pedestrian fatalities comprise a significant share of the traffic injury burden with 33% of all road traffic deaths involving pedestrians (Road Traffic Report, 2011) . In 2010À2011, approximately 20% of the pedestrian fatalities in South Africa, where age was known, involved children younger than 15 years (Road Traffic Report, 2011) . In most of these LMICs, South Africa included, children use roads as 'commuters', for playing, running errands and for conducting small roadside businesses, all of which increase their exposure significantly (Arendse et al., 2012; Bass, Albertyn, & Melis, 1995; Peden et al., 2008) . Targeted environmental and engineering interventions, educational and awareness campaigns, targeted parental supervision, and enforcement are considered optimal for effectively reducing these child pedestrian injuries and risks (Arendse et al., 2012) . Given the persistently high incidence of pedestrian related road traffic injuries observed in this study in Cape Town over the last two decades, the existing prevention initiatives probably need reassessment and International Journal of Injury Control and Safety Promotion 5 increased effort is needed towards achieving a reduction of RTCs and injuries in that setting. A significant proportion of children with road traffic injuries at RCCH over the two decades were unrestrained vehicle passengers and indeed this was the second most commonly observed mechanism of road traffic injury in this study. This was particularly significant for those children younger than one year of age. The lack of or improper use of restraints is a major risk factor for injury in young children who are occupants of vehicles in the event of a RTC (Peden et al., 2008) . The rate of use of appropriate child restraints in motor vehicles varies considerably across countries with the lowest rates reported in LMICs including South Africa where rates as low as 10% have been observed (Kling, Nicholls, Ntambeka, & Van As, 2011) . Access or cost issues as well as lack of enforcement remain major impediments to their use in these settings in spite of the overwhelming evidence of their effectiveness in reducing morbidity and mortality from RTCs (Arbogast, Durbin, Cornej, Kallan, & Winston, 2004; Zaza, Sleet, Thompson, Sosin, & Bolen, 2001) . In South Africa, lower-income families are more likely to drive older vehicles, many of which may not have rear seatbelts, the installation of which is prohibitive. With such families, the free distribution of age-appropriate child restraints combined with education regarding their use has been reported as beneficial (Van Hoving, Sinclair, & Wallis, 2013) . The use of age-appropriate child restraints is however still not compulsory in South African law; in addition, legislation emphasising driver responsibility for passenger restraint use, including those for children, has also been recommended (Van Hoving, Sinclair, & Wallis, 2013) .
Whereas the decreasing trend observed in the incidence of cycle related RTC injuries over the last two decades in this study is commendable, the factors contributing to the decline are not clear. Understanding these factors, if any, may inform prevention or intervention strategies applicable to other mechanisms of injury.
There was a significant decline in this study in the total number of children presenting to RCCH with RTC injuries between 1992 and 2002 onwards. This was related to a new system of health care referrals introduced in the Western Cape region of South Africa that may have impacted the injuries presented to RCCH. In 1997, the GF Jooste Trauma Hospital, located approximately six kilometres from RCCH, opened and the sharp decline in RTC injuries presented to RCCH subsequently should be viewed within that context (Van As & Rode, 2006) . There was also a significant change observed in the severity of RTC injuries presented to RCCH between 1992 and 2002. Up to 58% of the children who were presented in 2002 had moderate to severe injuries compared with 28% in 1992. This may be related to national policy changes that took place in South Africa at about that time seeking to re-structure and strengthen health care sought at primary level facilities while providing timely and appropriate referrals to tertiary hospitals such as RCCH (Van As & Rode, 2006) . This study showed that up to 40% of children presented to RCCH with RTC injuries were admitted with the factors influencing admission related to mechanism and severity of injury. This highlights the need to assess both the current hospital referral practices and road safety strategies to ensure the most effective service delivery efforts and appropriate prevention initiatives targeting risk factors described by this study. Particular attention focusing on pedestrians and unrestrained vehicle passengers is warranted.
Strengths and limitations
This study is based on one of the few systematic sources of childhood traffic injury data in South Africa, an established trauma injury surveillance system housed at the RCCH, and a source of important longitudinal information on child injuries (Van As & Rode, 2006) . The RCCH is the only specialised government paediatric hospital in greater Cape Town. RCCH receives referrals from other health care institutions but most patients present directly. This surveillance system does not track admissions elsewhere in the public health system nor does it include the cases accepted within the private health care system, losses for which there is no estimate available. The RCCH is highly regarded and hence it may be reasonable to assume that many families are likely to seek specialised hospital care there, especially for the more serious injuries, than at other public hospitals.
Despite the limitations to the population coverage in this study we were able to report changing trends in the paediatric traffic injuries that were presented to RCCH, but not the incidence of such injuries for the city or wider region. Population-based data are necessary to determine the extent to which these events impacted the care sought for paediatric traffic injuries. Such studies would be able to describe where care was sought within the health care referral system. This may be of particular relevance as our study showed that 51% of children in 2012 were discharged from RCCH's causality department and did not require hospital admission. These children may have been treated at primary or secondary health care facilities. Understanding why care was not sought at these levels may promote more effective health care resource allocation (Wesson et al., 2013) .
Conclusion
This study has depicted a decreasing trend in the number of children with RTC injuries presented to RCCH in Cape Town from 1992 to 2012. This has most likely been influenced by the city's changing tertiary hospital system over this period. The study indicates that the age, gender, cause, place and severity of RTC injuries remained largely 6 K.N. Isaac et al.
unchanged over the assessment points. This should provide impetus for further studies assessing the impact of road safety strategies currently being utilised in this region and their cost-effectiveness particularly as they affect children. This may inform policy and targeted interventions with the aim of reducing the burden of RTC injuries amongst children in South Africa.
